Association of Maternal Probiotic Supplementation With Human Milk Oligosaccharide Composition
Human milk oligosaccharides (HMOs) are complex glycans and the third-largest solid component in human milk. They are typically nondigestible by humans but are a major substrate for infants' gut microbiota and affect the maturation of the intestinal mucosal immune system. All HMOs are extensions of lactose generated by the action of a series of glycosyltransferases. Depending on the mother's Secretor and Lewis blood groups, the fucosyltransferases FUT2 (the Secretor gene) and/or FUT3 (the Lewis gene) are available for the synthesis of HMOs. The resulting heterogeneity implies that some breastfed infants are not being exposed to certain structures, which may affect their microbiome composition and thereby disease risk for illnesses in which gut microbiome plays a role. Infants fed by mothers who lack a Secretor gene and therefore lack a functional FUT2 enzyme and all α-1-2-fucosylated oligosaccharides have delayed development of bifidobacteria-laden microbiota.
1 Also, if these infants are born via cesarean delivery, they have a higher risk to manifest IgE-associated eczema. 2 We recently showed that certain HMOs are associated with protection against cow-milk allergy in infants. 3 Besides genetic differences that are responsible for differences in HMO profiles, HMO abundance changes throughout lactation. 4 However, no other factors have been associated with variation in HMO abundances. This study sought to assess the association of maternal probiotic supplementation with HMO concentrations.
Methods | We used stored frozen colostrum samples from a previously published large, double-blind, placebo-controlled randomized clinical trial 5, 6 of probiotic supplementation study of 1223 pregnant mothers from Helsinki, Finland, carrying fetuses at hereditary risk for allergy (ie, the offspring had 1 or both parents with physician-diagnosed allergic rhinitis, eczema, and/or asthma). The children born to these mothers were followed up for 10 years for the development of allergic disease. In the probiotic group, mothers took twice-daily doses of Lactobacillus rhamnosus GG, Lactobacillus rhamnosus LC705, Bifidobacterium breve Bb99, and Propionibacterium freudenreichii subspecies shermanii JS in capsules from 36 weeks' gestation until the birth of the infant. Mature milk samples were available for more than 500 mothers; we randomly selected 81 colostrum samples (stored frozen at −62.2°C), with 30 samples from the placebo group and 51 from the probiotic group. There was an equal distribution of tobacco-smoking mothers and mothers with a history of atopic disease between the 2 groups. The concentrations of 19 HMOs were determined using high-performance liquid chromatography after 2-aminobenzamide labeling. 3 Raffinose was added to milk samples as an internal standard to allow for absolute quantification. Freezing does not affect HMO levels, which are very stable in full-term milk from day to day and diurnally.
4
The study was approved by the institutional review board of the Hospital for Children and Adolescents, Helsinki University Central Hospital, Finland. All mothers signed a written informed consent form.
Statistical analysis was carried out using R software version 3.5.0 (R Foundation for Statistical Computing), and 2-sided P values less than .05 were considered significant in all com- and 6′-sialyllactose (probiotic group, 472 [159] μmol/mL; control group, 567 [179] μmol/mL; P = .03). These changes are consistent with a change in select pathways in overall HMO biosynthetic machinery (Figure, B) .
Conclusions | Although HMO composition is largely genetically determined, maternal probiotic supplementation during late stages of pregnancy may change the HMO composition in human milk. It is unknown whether the change is specific to the probiotics used in this study, and findings need to be confirmed by other studies. In this case, we hypothesize a shift from 6′-sialylation to 3′-sialylation and toward type-2 core structures in HMOs. Maternal diet, medications, and microbiome may be important factors modulating a mother's colostrum HMO levels that should be considered when assessing biological effects suspected to be mediated by HMO levels. Ultimately, modifying mothers' milk HMO composition may open new avenues for disease modification in infants who are breastfed.
